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Abstract
We consider possible indications of Very-Short-BaseLine (VSBL) electron neu-
trino disappearance into sterile neutrinos in MiniBooNE neutrino data and Gallium
radioactive source experiments. We discuss the compatibility of such a disappear-
ance with reactor and MiniBooNE antineutrino data. We find a tension between
neutrino and antineutrino data which could be due to: 1) statistical fluctuations; 2)
underestimate of systematic uncertainties; 3) exclusion of our hypothesis of VSBL
νe disappearance; 4) a violation of CPT symmetry. Considering the first possibility,
we present the results of a combined fit of all data, which indicate that Pνe→νe < 1
with 97.04% CL. We consider also the possibility of CPT violation, which leads
to the best-fit value ACPT,bfee = −0.17 for the asymmetry of the νe and ν¯e survival
probabilities and ACPTee < 0 at 99.7% CL.
1
1 Introduction
The MiniBooNE collaboration confirmed recently [1] the initial results on the search for
short-baseline νµ → νe oscillations reported in Ref. [2]. The new analysis confirms the
absence of a signal in the 475 − 3000 MeV energy range due to νµ → νe oscillations
with a ∆m2 compatible with the indication of ν¯µ → ν¯e oscillations found in the LSND
experiment [3]. It confirms also the anomalous excess of low-energy νe-like events reported
in Ref. [2]. The MiniBooNE collaboration have also presented recently the first results for
the ν¯µ → ν¯e channel [4,5], which however are not as precise as the neutrino data because
of a much lower statistics. Again, there is no evidence for a signal in the 475−3000 MeV
energy range due to ν¯µ → ν¯e oscillations compatible with the indication found in the
LSND experiment. More interesting, there is also no evidence of a low-energy anomalous
excess of events.
In Ref. [6] we proposed an explanation1 of the MiniBooNE low-energy anomaly
through the Very-Short-BaseLine (VSBL) disappearance of νe’s due to oscillations into
sterile neutrinos generated by a large ∆m2 in the range
20 eV2 . ∆m2 . 330 eV2 , (1)
which is motivated [6, 11, 12] by the anomalous ratio of measured and predicted 71Ge
production rates,
RGa = 0.87± 0.05 [13] , (2)
observed in the Gallium radioactive source experiments GALLEX [14, 15] and SAGE
[13, 16–18]. As shown in Ref. [6], the range of ∆m2 in Eq. (1) is compatible with the
upper bounds on neutrino masses obtained in tritium β-decay and neutrinoless double-β
decay experiments.
The large ∆m2 in Eq. (1) implies an oscillation length of MiniBooNE neutrinos and
antineutrinos which is shorter than the source-detector distance of about 541 m:
LMBosc =
4πE
∆m2
. 400m , (3)
where E < 3GeV is the neutrino energy. Therefore, the disappearance probability of
electron neutrinos and antineutrinos averaged in each energy bin is approximately con-
stant2 over the MiniBooNE energy spectrum (CPT implies that Pνe→νe = Pν¯e→ν¯e; see
Ref. [21]).
At first sight, explaining the anomalous MiniBooNE low-energy excess of νe-like events
with νe disappearance seems a contradiction. Indeed, we must introduce another ingre-
dient, a factor fν which takes into account the uncertainty of the normalization of the
background prediction, which receives a substantial contribution from the uncertainty of
the normalization of the calculated neutrino flux (see Ref. [22]). The background events
in the MiniBooNE data analysis are divided in νe-induced events and misidentified νµ-
induced events. The νe-induced events are produced by the νe’s in the beam generated at
1 Other explanations have been proposed in Refs. [7–10].
2 The analysis of MiniBooNE data with an energy-dependent νe disappearance probability due to
a ∆m2 . 20 eV2 and the compatibility with Gallium and reactor neutrino data [19] will be discussed
elsewhere [20].
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the source by pion and kaon decays. The number of νe-induced events (N
cal
νe
) is smaller
than the number of misidentified νµ-induced events (N
cal
νµ
) in the low-energy bins and
larger in the high-energy bins (see Fig. 1 of Ref. [1]). An increase of the total background
by a factor fν leads to a fit of the low-energy excess through the increase of the dominant
misidentified νµ-induced events. The high-energy bins are fitted by compensating the
increase of the dominant νe-induced events by the factor fν with the disappearance of
νe’s.
A normalization factor fν significantly different from unity is allowed by the 15%
uncertainty of the calculated neutrino flux [23]. This uncertainty is consistent with the
measured ratio 1.21 ± 0.24 of detected and predicted charged-current quasi-elastic νµ
events [24]. Although the background calculated by the MiniBooNE collaboration has
been normalized to such measured number of charged-current quasi-elastic νµ events, an
uncertainty of about 15% remains. We consider this value as a reliable estimate of the
uncertainty of the background prediction, which is more conservative than that estimated
in Ref. [1].
In this paper we update the analysis presented in Ref. [6] of MiniBooNE neutrino
events by considering the new data in Ref. [1] (Section 2). We discuss the compatibility of
MiniBooNE neutrino data with Gallium (Section 3), reactor (Section 4) and MiniBooNE
antineutrino (Section 5) data. We also consider the possibility of a violation of the CPT
equality Pνe→νe = Pν¯e→ν¯e (Section 6).
2 MiniBooNE Neutrino Data
We consider the MiniBooNE νe-like events from Ref. [1, 25], which are listed in Tab. 1.
We fit these data with the theoretical hypothesis
N theν,j = fν
(
Pνe→νeN
cal
νe,j
+N calνµ,j
)
, (4)
where N calνe,j and N
cal
νµ,j
are, respectively, the calculated number of expected νe-induced and
misidentified νµ-induced events in the third and fourth columns of Tab. 1. We calculate
the best fit values of the parameters Pνe→νe and fν by minimizing the least-square function
χ2MB-ν =
11∑
j=1
(
N theν,j −N
exp
ν,j
)2
N theν,j
+
(
fν − 1
∆fν
)2
, (5)
with [23]
∆fν = 0.15 , (6)
according to the discussion in the introductory Section 1.
The results of the minimization of χ2MB-ν are presented in Tab. 2 in the MB-ν column.
One can see that the hypothesis of νe disappearance improves the fit with a significant
decrease of χ2MB-ν from 27.2 to 17.7 . Note that in both cases we minimize the χ
2 with
respect to fν , which is an intrinsic uncertainty in the MiniBooNE result. As shown in
Fig. 1, the rather large best-fit value fbfν = 1.31, allows us to fit the low-energy excess by
increasing the number of misidentified νµ-induced events, whereas the rather low best-fit
value P bfνe→νe = 0.72 maintains a good fit of the intermediate-energy and high-energy data
by avoiding an increase of the νe-induced events through the product f
bf
ν P
bf
νe→νe
= 0.94.
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Figure 2 shows the allowed regions in the Pνe→νe–fν plane. One can see that the
uncertainties for the two parameters are correlated. The reason is that the product
fνPνe→νe is constrained by the fitting of the intermediate-energy and high-energy data
through the dominating νe-induced events.
The ∆χ2 = χ2MB-ν − χ
2
MB-ν,min marginalized over fν is shown in Fig 3 as a function
of Pνe→νe. One can see that the MiniBooNE neutrino data indicate Pνe→νe < 1 with
99.80% CL. The allowed ranges of Pνe→νe at different values of confidence level are listed
in Tab. 3.
3 Gallium Radioactive Source Experiments
In this Section we discuss the results of a combined fit of the MiniBooNE neutrino data
considered in the previous Section with the result in Eq. (2) for the ratio of measured and
predicted 71Ge production rates in the Gallium radioactive source experiments [13–18].
We consider the sum of the MiniBooNE neutrino least-square function in Eq. (5) with
the Gallium least-square function
χ2Ga =
(
Pνe→νe −RGa
∆RGa
)2
, (7)
where, from Eq. (2), RGa = 0.87 and ∆RGa = 0.05. The results of the minimization
of χ2 = χ2MB-ν + χ
2
Ga are listed in Tab. 2 in the MB-ν+Ga column. The parameter
goodness-of-fit [26] of 12.4% implies that the results of the MiniBooNE neutrino and the
Gallium radioactive source experiments are compatible in the framework of the VSBL νe
disappearance hypothesis. The best-fit values fbfν = 1.24 and P
bf
νe→νe
= 0.83, are more
reasonable than those obtained from the fit of MiniBooNE neutrino data alone. The
goodness of fit of 2.8% is acceptable and much better than the 0.04% obtained without
νe disappearance. Figure 3 shows ∆χ
2 = χ2 − χ2min marginalized over fν as a function of
Pνe→νe. One can see that Pνe→νe = 1 is disfavored at more than 3σ (the precise value is
99.98% CL). The allowed ranges of Pνe→νe at different values of confidence level are listed
in Tab. 3.
As a caveat, we need to mention that another possible explanation of the Gallium
anomaly3 is that the theoretical cross section of the Gallium detection process in Ref. [28],
which has been used in deriving Eq. (2), has been overestimated [13, 18, 29]. This is
possible, because the detection process νe +
71Ga → 71Ge + e− can populate excited
states of 71Ge with transition amplitudes which have large uncertainties [30, 31]. Let us
however remark that shell model calculations indicate [31] that the cross section of the
Gallium detection process could be even larger than that used in deriving Eq. (2), leading
to a stronger anomaly.
4 Reactor Neutrino Experiments
The indication in favor of VSBL νe disappearance that we have obtained from the data
of the MiniBooNE neutrino experiment and the Gallium radioactive source experiments
3 The authors of Ref. [27] proposed yet another explanation.
4
must be confronted with the lack of any evidence of VSBL ν¯e disappearance in reactor
experiments4, since Pνe→νe = Pν¯e→ν¯e in the framework of local CPT-invariant Quantum
Field Theory (see Ref. [21]).
Here we will consider the data of the following reactor experiments (R(d) denotes the
ratio of measured and predicted event rates at the source-detector distance d):
Gosgen [33]:
R
(37.9m)
Gosgen = 1.018± 0.019± 0.015± 0.060 , (8)
R
(45.9m)
Gosgen = 1.045± 0.019± 0.015± 0.060 , (9)
R
(64.7m)
Gosgen = 0.975± 0.036± 0.030± 0.060 , (10)
where the first uncertainty is statistic, the second is uncorrelated systematic and
the third is correlated systematic.
Bugey [32]:
R
(15m)
Bugey = 0.988± 0.004± 0.05 , (11)
R
(40m)
Bugey = 0.994± 0.010± 0.05 , (12)
R
(95m)
Bugey = 0.915± 0.132± 0.05 . (13)
Chooz [34]:
R
(1 km)
Chooz = 1.01± 0.028± 0.027 . (14)
The Gosgen, Bugey and Chooz collaborations estimated, respectively, a 3.0% [33],
a 2.8% [32], and a 1.9% [34] systematic uncertainty of the reactor neutrino flux. The
estimate of the Chooz collaboration was based on the assumption that previous reactor
experiments measured the reactor neutrino flux without any disappearance. Since we are
considering the possibility of such a disappearance, we must increase the Chooz systematic
uncertainty of the reactor neutrino flux to the same value as that of Gosgen and Bugey,
i.e. approximately 3%, leading to
R
(1 km)
Chooz = 1.01± 0.028± 0.036 . (15)
Taking a 3% systematic uncertainty of the reactor neutrino flux correlated in all reactor
neutrino experiments, we obtain the covariance matrix of reactor data
VRe =


4.19 3.60 3.60 0.90 0.90 0.90 0.90
3.60 4.19 3.60 0.90 0.90 0.90 0.90
3.60 3.60 5.80 0.90 0.90 0.90 0.90
0.90 0.90 0.90 2.63 2.62 2.62 0.90
0.90 0.90 0.90 2.62 2.72 2.62 0.90
0.90 0.90 0.90 2.62 2.62 20.04 0.90
0.90 0.90 0.90 0.90 0.90 0.90 2.05


× 10−3 , (16)
4 The compatibility of MiniBooNE neutrino data with the weak indication of ν¯e disappearance due
∆m2 ≃ 2 eV2 found in Ref. [19] from the analysis of the Bugey reactor neutrino data [32] will be discussed
elsewhere [20].
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for the vector of data
~RRe =
(
R
(37.9m)
Gosgen , R
(45.9m)
Gosgen , R
(64.7m)
Gosgen , R
(15m)
Bugey , R
(40m)
Bugey , R
(95m)
Bugey, R
(1 km)
Chooz
)
. (17)
We fit the reactor neutrino data by minimizing the leas-squares function
χ2Re =
(
Pνe→νe − ~RRe
)T
V −1Re
(
Pνe→νe − ~RRe
)
. (18)
From the results presented in Tab. 2 and Fig. 3 one can see that reactor data do not show
any indication of ν¯e disappearance.
However, the lower limits for Pνe→νe that one can infer from Fig. 3 (see Tab. 3)
indicate that reactor data allow a small ν¯e disappearance. Therefore, we tried a combined
analysis of MiniBooNE neutrino, Gallium and reactor data under the hypothesis of νe
disappearance with Pνe→νe = Pν¯e→ν¯e.
The results of the minimization of χ2 = χ2MB-ν + χ
2
Ga + χ
2
Re are given in the corre-
sponding column in Tab. 2. The rather low parameter goodness-of-fit, 0.4% , shows that
there is tension between MiniBooNE and Gallium neutrino data on one side and reactor
antineutrino data on the other side. The tension is mainly due to a conflict between
MiniBooNE and reactor data, which have a 0.3% parameter goodness-of-fit (∆χ2min = 8.6
with NDF = 1), whereas Gallium and reactor data have a 3.1% parameter goodness-of-fit
(∆χ2min = 4.6 with NDF = 1).
Possible explanations of this tension could be:
1. Statistical fluctuations.
2. Systematic uncertainties have been underestimated.
3. Our hypothesis of VSBL νe disappearance is excluded.
4. There is a violation of CPT symmetry leading to Pνe→νe 6= Pν¯e→ν¯e.
Considering the first possibility, the combined fit of MiniBooNE neutrino, Gallium
and reactor data leads to the ∆χ2 = χ2 − χ2min depicted in Fig. 3 and the allowed
ranges of Pνe→νe listed in Tab. 3. One can see that the addition of the reactor constraint
narrows the allowed range of Pνe→νe and shifts it towards unity. There is an indication
that Pνe→νe < 1 with 97.74% CL.
Figure 4 shows that the fit of the MiniBooNE neutrino data with the best-fit values
fbfν = 1.19 and P
bf
νe→νe
= 0.93 is not as good as that in Fig. 1 corresponding to the fit of
MiniBooNE neutrino data alone, but it is acceptable. We notice that the value of fbfν is
not much different from that obtained from the fit of MiniBooNE neutrino data without
oscillations (fbfν = 1.15; see Tab. 2). It is only slightly larger, in order to keep the product
fbfν P
bf
νe→νe
= 1.11 close to unity for a good fit of the intermediate-energy and high-energy
MiniBooNE neutrino data.
5 MiniBooNE Antineutrino Data
The MiniBooNE collaboration presented recently the first results on the search for ν¯µ →
ν¯e oscillations [4, 5]. These data, as the neutrino data, do not show any evidence for
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a signal in the 475 − 3000 MeV energy range due to ν¯µ → ν¯e oscillations compatible
with the indication found in the LSND experiment. There is also no evidence of a
low-energy anomalous excess of events analogous to that observed in the neutrino data.
However, since in MiniBooNE the antineutrino statistics is about five times smaller than
the neutrino statistics, the uncertainties of the antineutrino data do not allow us to infer
strong constraints on new physics.
In this section we study the compatibility of the VSBL νe disappearance hypothesis
with the MiniBooNE antineutrino data, assuming the CPT equality Pνe→νe = Pν¯e→ν¯e.
We fit the MiniBooNE antineutrino data with the theoretical hypothesis
N theν¯,j = fν¯
(
Pνe→νeN
cal
ν¯e,j
+N calν¯µ,j
)
, (19)
where N calν¯e,j and N
cal
ν¯µ,j
are, respectively, the calculated number of expected ν¯e-induced
and misidentified ν¯µ-induced events in the third and fourth columns of Tab. 4. The
least-squares function is
χ2MB-ν¯ =
11∑
j=1
(
N theν¯,j −N
exp
ν¯,j
)2
N theν¯,j
+
(
fν¯ − 1
∆fν
)2
, (20)
with [23]
∆fν¯ = 0.17 . (21)
The minimum of χ2MB-ν¯ is obtained for Pνe→νe = 1, as shown in Tab. 5. However, the
low statistics of the data do not allow us to put stringent constraints on Pνe→νe, as one
can see from the ∆χ2 = χ2MB-ν¯ −χ
2
MB-ν¯,min marginalized over fν¯ depicted in Fig. 3 (MB-ν¯
curve) and the allowed ranges of Pνe→νe listed in Tab. 3.
In fact, the parameter goodness-of-fit of 14.8% of the combined fit of MiniBooNE
neutrino and antineutrino data is acceptable. The ∆χ2 = χ2−χ2min, where χ
2 = χ2MB-ν +
χ2MB-ν¯, depicted in Fig. 3 (MB curve) shows that the MiniBooNE neutrino data are
dominating.
Finally, in Tab. 5 and Fig. 3 we present the results of the combined fit MB+Ga+Re
of all the data considered so far: the MiniBooNE neutrino and antineutrino data and
the Gallium and reactor data. The parameter goodness-of-fit of 4.1% do not allow us
to reject the compatibility of the data under the hypothesis of VSBL νe disappearance.
This results indicate that the possibility that the tension between MiniBooNE neutrino
and Gallium data on one side and reactor data on the other side is due to statistical
fluctuations may be correct. In this case, from Fig. 3 one can see that Pνe→νe < 1 with
97.04% CL. Therefore, adding the MiniBooNE antineutrino data to the combined fit of
MiniBooNE, Gallium and reactor data does not change significantly the confidence level
of the indication of Pνe→νe < 1 found in Section 4. Indeed, the best fit values of Pνe→νe
and fν (see Tabs. 2 and 5) and the allowed ranges of Pνe→νe listed in Tab. 3 are practically
the same as those obtained without the MiniBooNE antineutrino data. Therefore, Fig. 4
and the related discussion at the end of Section 4 remain valid after the addition of
MiniBooNE antineutrino data.
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6 CPT Violation
In this section we consider a violation [35–43] of the CPT equality Pνe→νe = Pν¯e→ν¯e as
a possible explanation of the tension between MiniBooNE and Gallium neutrino data
on one side and reactor antineutrino data on the other side under the hypothesis of νe
disappearance. We quantify the amount of CPT violation through the asymmetry
ACPTee ≡ Pνe→νe − Pν¯e→ν¯e . (22)
Taking into account for completeness also the MiniBooNE neutrino data, we minimized
the least-squares function χ2 = χ2MB-ν+χ
2
Ga+χ
2
Re+χ
2
MB-ν¯, with Pνe→νe replaced by Pν¯e→ν¯e
in Eqs. (18) and (19). We obtained, for 26 degrees of freedom,
χ2min = 39.9 , GoF = 4.0% , A
CPT,bf
ee = −0.17 . (23)
The relatively low goodness of fit is due to the relatively low goodness of fit of the
MiniBooNE neutrino and antineutrino data (see Tabs. 2 and 5). Figure 5 shows the
marginal ∆χ2 = χ2 − χ2min as a function of A
CPT
ee . One can see that there is indication of
CPT violation (ACPTee < 0) at 99.7% CL. The allowed intervals for A
CPT
ee at 90%, 95.45%,
99%, and 99.73% CL are, respectively,
ACPTee = [−0.24,−0.08] , [−0.25,−0.06] , [−0.28,−0.02] , [−0.30, 0.00] . (24)
Let us emphasize that the possibility of CPT violation is extremely interesting and should
be explored in future experiments by measuring the CPT asymmetries (see Ref. [21])
ACPTαβ ≡ Pνα→νβ − Pν¯β→ν¯α , (25)
with α, β = e, µ. The realization of a CPT violation would have dramatic consequences for
our understanding of fundamental physics [44,45]. Since the indication of CPT violation
that we have found has been obtained under the hypothesis of νe disappearance into
sterile neutrinos, it could be due to very exotic CPT-violating properties of the sterile
neutrinos.
7 Conclusions
We have shown that the MiniBooNE low-energy neutrino anomaly [1,2] can be explained
by a VSBL νe disappearance [6] which is compatible with that inferred from the Gallium
radioactive source experiment anomaly [6, 11–18]. There is a tension between this result
and the absence of any indication of ν¯e disappearance in reactor neutrino data [32–34]
which could be due to statistical fluctuations, or to an underestimation of systematic
uncertainties, or to the inexistence of VSBL νe disappearance, or to a violation of the
CPT equality Pνe→νe = Pν¯e→ν¯e. Considering the first possibility, we have shown that the
combined fit of MiniBooNE neutrino, Gallium and reactor data indicate that Pνe→νe < 1
at about 2σ.
We have considered the first MiniBooNE results on ν¯µ → ν¯e oscillations [4, 5]. Since
the MiniBooNE antineutrino statistics is about five times smaller than the neutrino statis-
tics, the antineutrino data do not allow us to infer strong constraints on the VSBL νe
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disappearance hypothesis. We have shown that MiniBooNE antineutrino data are com-
patible with the MiniBooNE neutrino data and that adding the MiniBooNE antineutrino
data to the combined fit of MiniBooNE, Gallium and reactor data does not change the
indication of Pνe→νe < 1 at about 2σ.
We think that the possible VSBL νe disappearance discussed in this paper is extremely
interesting, because such disappearance is due to a ∆m2 which is much larger than the
well measured solar and atmospheric ∆m2’s (see Ref. [46]). Hence, our result indicate
the possible existence of a light sterile neutrino which is well beyond the Standard Model
and would have important consequences in physics (see Refs. [47–54]), astrophysics (see
Refs. [55–60]), and cosmology (see Refs. [61–63]).
We have considered also the possibility of CPT violation as the source of the tension
between the neutrino and antineutrino data. For the asymmetry of the νe and ν¯e survival
probabilities we have obtained the best-fit value ACPT,bfee = −0.17 and the constraint
ACPTee < 0 at 99.7% CL. Since the violation of CPT would have dramatic consequences four
our understanding of fundamental physics, we think that it should be investigated without
prejudice in future experiments. It could be due to very exotic CPT-violating properties
of the sterile neutrinos into which νe disappear in our hypothesis for the explanation of
the MiniBooNE and Gallium anomalies.
Starting from 2010, at the same L/E of MiniBoone, the magnetic near detector at
280 m of the T2K experiment at Tokai [64] will count νe events with expected higher
statistics and similar νµ background contamination. A better νµ background rejection
will be possible using the liquid Argon technology, as planned in the the MicroBooNE
proposal at Fermilab [65], that will check the low-energy MiniBooNE anomaly.
The hypothesis of VSBL νe disappearance can be tested with high accuracy by future
experiments with pure electron neutrino beams. The SAGE collaboration is planning to
perform a new source experiment [13] in order to check the Gallium anomaly in Eq. (2).
A similar measurement could be made in the LENS detector [66]. Beta-beam experiments
[67,68] with pure νe or ν¯e beams from nuclear decay (see the reviews in Refs. [69,70]) could
investigate the disappearance of electron neutrinos and antineutrinos, testing the CPT
symmetry. The same can be done, with higher precision, in neutrino factory experiments
in which the beam is composed of νe and ν¯µ, from µ
+ decay, or ν¯e and νµ, from µ
− decay
(see the reviews in Refs. [69,71]). A Mossbauer neutrino experiment [72], with a ν¯e beam
produced in recoilless 3H decay and detected in recoilless 3He antineutrino capture, would
be especially suited to investigate the VSBL disappearance of electron antineutrinos.
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j Energy Range [MeV] N calνe,j N
cal
νµ,j
N calν,j N
exp
ν,j
1 200− 300 18.8 168.0 186.8 232
2 300− 375 23.4 85.0 108.4 156
3 375− 475 40.6 79.8 120.4 156
4 475− 550 31.6 32.7 64.3 79
5 550− 675 50.8 39.7 90.5 81
6 675− 800 49.9 17.9 67.8 70
7 800− 950 52.7 17.8 70.5 63
8 950− 1100 44.3 13.3 57.6 65
9 1100− 1300 42.5 9.9 52.4 62
10 1300− 1500 33.8 5.3 39.1 34
11 1500− 3000 56.7 15.5 72.2 71
Table 1: MiniBooNE neutrino data [1, 25]. The six columns give: 1) bin number;
2) reconstructed neutrino energy range; 3) number of expected νe-induced events; 4)
number of expected misidentified νµ-induced events; 5) total number of expected events;
6) measured number of events.
MB-ν MB-ν+Ga Re MB-ν+Ga+Re
χ2min 27.2 34.0 2.9 36.9
No Osc. NDF 10 11 7 18
GoF 0.2% 0.04% 89.8% 0.5%
fbfν 1.15 1.15 1.15
χ2min 17.7 20.1 2.9 31.7
NDF 9 10 6 17
Osc. GoF 3.8% 2.8% 82.7% 1.7%
P bfνe→νe 0.72 0.83 1.0 0.93
fbfν 1.31 1.24 1.19
∆χ2min 2.4 11.1
PG NDF 1 2
GoF 12.4% 0.4%
Table 2: Values of χ2, number of degrees of freedom (NDF) and goodness-of-fit (GoF)
for the fit of different combinations of MiniBooNE neutrino (MB-ν), Gallium (Ga) and
reactor (Re) data. The first four lines correspond to the case of no oscillations (No Osc.).
The following five lines correspond to the case of oscillations (Osc.). The last three lines
give the parameter goodness-of-fit (PG) [26].
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BF 68.27% 90% 95.45% 99% 99.73%
MB-ν 0.72 0.65 - 0.80 0.60 - 0.86 0.58 - 0.89 0.54 - 0.95 0.52 - 0.99
MB-ν+Ga 0.83 0.79 - 0.88 0.76 - 0.91 0.75 - 0.92 0.72 - 0.95 0.70 - 0.97
Re 1.00 0.97 - 1.00 0.94 - 1.00 0.93 - 1.00 0.91 - 1.00 0.89 - 1.00
MB-ν+Ga+Re 0.93 0.90 - 0.96 0.89 - 0.98 0.88 - 0.99 0.86 - 1.00 0.85 - 1.00
MB-ν¯ 1.00 0.83 - 1.00 0.70 - 1.00 0.63 - 1.00 0.54 - 1.00 0.47 - 1.00
MB-ν¯+Re 1.00 0.97 - 1.00 0.95 - 1.00 0.93 - 1.00 0.91 - 1.00 0.89 - 1.00
MB 0.76 0.69 - 0.84 0.65 - 0.90 0.62 - 0.93 0.59 - 0.98 0.56 - 1.00
MB+Ga+Re 0.93 0.91 - 0.96 0.89 - 0.98 0.88 - 0.99 0.86 - 1.00 0.85 - 1.00
Table 3: Best-fit values (BF) and allowed ranges of Pνe→νe at the indicated value of
confidence level for the fits in Tabs. 2 and 5.
j Energy Range [MeV] N calν¯e,j N
cal
ν¯µ,j
N calν¯,j N
exp
ν¯,j
1 200− 300 4.3 22.5 26.8 24
2 300− 375 4.2 11.4 15.6 21
3 375− 475 7.0 11.1 18.1 16
4 475− 550 5.4 4.7 10.1 14
5 550− 675 6.9 5.0 11.8 22
6 675− 800 7.4 3.0 10.3 9
7 800− 950 7.7 3.0 10.7 5
8 950− 1100 6.3 2.7 9.0 7
9 1100− 1300 5.8 2.3 8.1 5
10 1300− 1500 4.2 1.6 5.8 7
11 1500− 3000 9.5 2.5 12.0 14
Table 4: MiniBooNE antineutrino data extracted from the figure in page 55 of Ref. [4].
The six columns give: 1) bin number; 2) reconstructed antineutrino energy range; 3)
number of expected ν¯e-induced events; 4) number of expected misidentified ν¯µ-induced
events; 5) total number of expected events; 6) measured number of events.
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MB-ν¯ MB-ν¯+Re MB MB+Ga+Re
χ2min 16.9 19.8 44.1 53.8
No Osc. NDF 10 17 21 29
GoF 7.6% 28.5% 0.2% 0.3%
fbfν¯ 1.08 1.08 1.08 1.08
χ2min 16.9 19.8 36.7 48.9
NDF 9 16 19 27
Osc. GoF 5.0% 23.0% 0.9% 0.6%
P bfνe→νe 1.00 1.00 0.76 0.93
fbfν¯ 1.08 1.08 1.19 1.10
fbfν 1.28 1.19
∆χ2min 0.0 2.1 8.3
PG NDF 1 1 3
GoF 100.0% 14.8% 4.1%
Table 5: Values of χ2, number of degrees of freedom (NDF) and goodness-of-fit (GoF)
for the fit of MiniBooNE antineutrino (MB-ν¯), MiniBooNE antineutrino and reactor
(MB-ν¯+Re), MiniBooNE neutrino and antineutrino (MB) and MiniBooNE neutrino and
antineutrino, Gallium and reactor (MB+Ga+Re) data. The first four lines correspond
to the case of no oscillations (No Osc.). The following six lines correspond to the case of
oscillations (Osc.). The last three lines give the parameter goodness-of-fit (PG) [26].
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Figure 1: Theoretically expected number of νe events compared with MiniBooNE data,
represented by the points with their statistical error bars. The values of fbfν and P
bf
νe→νe
are those in Tab. 2, corresponding to the best fit of MiniBooNE neutrino data (MB-ν).
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Figure 2: Allowed regions in the Pνe→νe–fν plane obtained from the fit of MiniBooNE
neutrino data.
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Figure 3: Marginal ∆χ2’s as a function of Pνe→νe obtained from the fit of different
combinations of MiniBooNE neutrino (MB-ν) and antineutrino (MB-ν¯), Gallium (Ga)
and reactor (Re) data. The horizontal lines correspond to the indicated value of confidence
level.
0.
0
0.
5
1.
0
1.
5
2.
0
2.
5
E    [MeV]
e
ve
n
ts
 / 
M
eV
200 400 600 800 1000 1200 1400 3000
MiniBooNE−ν + Ga + Re
f ν
bf
 Pνe→νe
bf
 Nνe
cal
f ν
bf
 Nνµ
cal
f ν
bf
 (Pνe→νe
bf
 Nνe
cal + Nνµ
cal)
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Figure 5: Marginal ∆χ2 as a function of the CPT asymmetry ACPTee in Eq. (22) obtained
from the fit of MiniBooNE, Gallium and reactor data.
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